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Abstract: Serological detection of tomato yellow leaf curl virus in different parts of tomato through DAS-ELISA re-
vealed that its branches have highest virus concentration followed by twigs, mature leaves and middle leaves. The 
samples derived from the branches gave highest mean OD value 0.517 whereas, the recorded mean OD values in 
case of twigs, mature leaves and middle  leaves were 0.470, 0.444 and 0.419,  at A405 nm, respectively. The virus 
was not found to be present in flowers and fruits as indicated by lower mean OD values, i.e. 0.215 and 0.159, re-
spectively. On the basis of findings of the our experiment, the branches, twigs, mature leaves and middle leaves had 
high concentration of the virus and hence these parts could be used in the detection of TYLCV, whereas, flowers 
and fruits had very low titer of virus, thus, not recommended to be used for serological detection.  
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INTRODUCTION 
Tomato (Solanum lycopersicum L.) is one of the most 
extensively cultivated vegetable crops in the world. 
The worldwide high consumption of tomato is primar-
ily due to its flavor and high nutritive value. India is 
the fourth largest tomato producing country in the 
world after China, USA and Turkey (Kumar and 
Srivastava, 2013). Tomato is second most important 
remunerable solanaceous vegetable crop after potato 
(Sahu et al., 2013). In India tomato is cultivated during 
winter and summer seasons over an area of 0.88 mil-
lion hectare, with 21.2 t/ha productivity. In Himachal 
Pradesh it is grown over an area of 10.37 thousand 
hectare with an annual production of 430.79 thousand 
tones (Anonymous, 2015). It is one of the most remu-
nerative cash crops of the growers of Solan, Sirmour, 
Mandi and Kullu areas of the Himachal Pradesh 
(NHB, 2013). Tomato yellow leaf curl virus (TYLCV) 
is one of the most important virus affecting tomatoes 
and thus, induces severe losses to crop from tropical to 
subtropical regions (Czosnek and Latterrot, 1997). The 
virus ranks third among top 10 plant viruses in the 
world (Reddy, 2006). Tomato yellow leaf curl virus is 
primarily transmitted by the sweet potato whitefly 
(Bemisia tabaci Gennadius) in a persistent and circula-
tive manner (Melzer et al., 2009) but is not transmitted 
by the greenhouse whitefly (Trialeurodes vaporari-
orum) (Sugano et al., 2011). It is neither mechanically 
nor seed transmissible (Green and Kalloo, 1994; Cer-
kauskas, 2005; Czosnek, 2008). The virus has a quite 
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broad host range, infecting plants belonging to solana-
ceae, malvaceae and leguminosae (Mansour and Al-
Musa, 1992; Oetting and Yunis, 2004). Natural occur-
rence of leaf curl disease was earlier confined to the 
tropical and subtropical areas but now it is considered 
as serious emerging problem in the low hills of sub-
temperate regions and as such pose a threat to the to-
mato cultivation in mid hills of the state Keeping in 
view the prevalence and the losses caused by the dis-
ease there is strong need of timely detection and diag-
nosis. The present study focuses on the stage of the 
crop and its parts which should be taken into consid-
eration while planning for serological detection of the 
virus through enzyme linked immuno sorbent assay 
(ELISA). 
MATERIALS AND METHODS 
An experimental farm at Department of Vegetable 
Science, Dr Y S Parmar University of Horticulture and 
Forestry, Nauni (HP-India) was selected for conduct-
ing the experiment where tomato crop was growing. 
The crop was observed from transplanting to fruiting 
stage for development of symptoms of viral etiology, 
the data was recorded weekly. Plants showing typical 
leaf curl symptoms were marked and kept under obser-
vation and further, were subjected to Double antibody 
sandwich ELISA or DAS-ELISA for sero-
identification via using ELISA kit procured from Bio-
reba Switzerland following the procedure described by 
Clark and Adams (1977) with some minor modifica-
tions. The various samples were taken from the in-
  
fected plant and were washed with sterilized water. 
These samples were then placed in between the folds 
of blotting paper to absorb extra water. NUNC max-
isorb microtiter plates were coated with TYLCV spe-
cific antibodies diluted in 1X coating buffer and were 
dispensed at the rate of 200µl per well. The microtiter 
plate was covered with aluminum foil and placed in a 
humid box and incubated at 30˚C for 4 hours. After 
incubation was complete the plate was washed for 3-4 
times in ELISA Plate washer assembly. The samples 
were crushed in 10 ml of extraction incubated (1X) 
and the extracted sap was transferred at the rate of 
200µl per well. The ELISA plate was again covered 
and placed in humid box and incubated in a refrigera-
tor at 4˚C overnight. Next day the plates were taken 
out and again washed for 3-4 times. In the last step the 
enzyme labeled secondary antibodies were added to 
trap the antigen proteins. The plate was again incu-
bated at 30˚C for 5 hours. Finally substrate along with 
para-Nitrophenylphosphate (pNPP) was added to the 
antibody-antigen coated wells. The plate was incu-
bated at room temperature in dark for 30-45 minutes 
for development of yellow color and the optical den-
sity values were taken at 405nm in ELISA plate reader. 
RESULTS AND DISCUSSION 
Tomato plants showing prominent symptoms of leaf 
curl began to appear after 35 days of transplanting as 
the population of vector, Bemisia tabaci Gennadius 
started to build up. The initial symptoms were mild 
chlorosis along with upward curling of leaves which 
later developed into yellowing and acute curling of the 
leaves. Severely infected plants remained stunted and 
had very less number of fruits. Three such plants were 
marked and selected for obtaining test material, such 
as leaves, stems, flowers and fruits, further to be used 
in the serological detection of the virus through DAS 
ELISA. The data set out in Table 1 shows the serologi-
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Plant part OD A405 nm 
Mean 
OD 
+ve Control -ve Control 
Healthy* 
(Control) 
Twigs 0.485 0.419 0.508 0.470 2.118 0.220 0.164 
Middle leaves 0.398 0.421 0.439 0.419 2.118 0.220 0.164 
Mature leaves 0.436 0.445 0.451 0.444 2.118 0.220 0.164 
Branches 0.507 0.503 0.541 0.517 2.118 0.220 0.164 
Flowers 0.214 0.209 0.197 0.215 2.118 0.220 0.164 
Fruits 0.138 0.139 0.202 0.159 2.118 0.220 0.164 
Table 1. Serological detection of TYLCV in the different parts of tomato through DAS ELISA (Values are mean of three repli-
cates). 
*Healthy tomato plant showing no leaf curl symptom served as control 
Fig. 1. Twigs of tomato showing cupping and upward curling 
symptoms. 
Fig. 2. Middle leaf of tomatoshowing yellow curling symp-
toms.  
Fig. 3. Mature lower leaf of tomato showing severe yellow 
leaf curl symptoms. 
Fig. 4. Flowers of tomato used in experiment. 
 cal detection of TYLCV in the various parts of the 
tomato plant. It is clear from the obtained OD values 
that the branches of tomato had the maximum titer of 
the virions as the mean OD value is highest in case of 
branches i.e. 0.517, followed by twigs (Fig. 1) having 
mean OD value 0.470, followed by that of lower ma-
tured leaves (0.444) (Fig. 3) and finally by middle 
young leaves 0.419 (Fig. 2). The virus was undetect-
able in the samples comprising of flowers and fruits 
(Figs. 4 and 5) as shown by the lower mean OD values 
i.e. 0.215 and 0.159 which is less than that of negative 
control (0.220). Devaraja et al. (2005) also detected 
TYLCV in tomato through DAS-ELISA and observed 
OD values ranging from 0.64 to 2.04 at A405 nm, which 
are similar to the OD values recorded in our experi-
ment. Ajlan et al, (2007) and Kushwaha et al.(2010) 
have also earlier used DAS ELISA technique for the 
detection of TYLCV from tomato but no worker has 
described the virus distribution among the various 
parts of the plants.  Fig. 6 shows the microtiter plate 
depicting serological reaction of various samples. The 
results further suggest that any part of plant could be 
used in the serological detection of TYLCV from to-
mato except flowers and fruits. 
Conclusion 
The results in this study has shown that TYLCV can be 
detected from any part of tomato plant including twigs, 
middle leaves, mature leaves, branches, however, the 
branches have more titer of the virions. The flowers 
and fruits should not be used for serological detection 
of TYLCV as the virus is absent in both these parts. 
Thus, twigs branches, middle and mature leaves should 
be considered as ideal material for serological detec-
tion of TYLCV whereas, flowers and fruits should be 
avoided. These considerations will surely be helpful in 
reducing the unnecessary consumption and wastage of 
costly ELISA reagents and time. 
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Fig. 5. Fruits of tomato used in experiment. Fig. 6.  ELISA plate showing serological detection of TYLCV 
in the different parts of tomato through DAS ELISA- A: 
Twigs, B: Middle leaves, C: Mature leaves, D: Branches, E: 
Flowers, F: Fruits. 
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